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It is argued that the quantum correlations are not maximally nonlocal to make it possible to
control local outcomes from outside spacetime, and quantum mechanics emerges from timeless non-
locality and biased local randomness. This rules out a world described by NL (nonlocal) boxes. A
new type of experiments is suggested.
Bell type experiments demonstrate (within the limits
of a few rather eccentric loopholes) correlations, which
cannot be explained by means of local relativistic influ-
ences propagating at velocity v ≤ c [1]. This means that
one has to give up the view that the outcomes at each
part of the setup result from properties preexisting in
the particles before measurement: Alice’s (respectively
Bob’s) outcomes cannot be explained by the information
the photon carries when leaving the source and the set-
tings in Alice’s (respectively Bob’s) lab.
The Suarez-Scarani or before-before experiment
demonstrates that these nonlocal correlations cannot be
explained by time-ordered nonlocal influences [2, 3, 4].
Giving up the concept of locality is not sufficient to be
consistent with quantum experiments, one has to give
up the view that one event occurring before in time can
be considered the cause, and the other occurring later in
time the effect (nonlocal determinism). The correlations
cannot be explained by any history in spacetime, in en-
tanglement experiments local random events experience
influences from outside spacetime to produce nonlocal
order. [5, 6]
However, the orthodox interpretation of quantum me-
chanics also claims that in entanglement experiments the
local outcomes happen in a “full random” way, i.e., ac-
cording to a uniform (non-biased) random distribution.
In this sense, the orthodox interpretation is at variance
with any model assuming that local outcomes can hap-
pen according to a biased random distribution. Both
Bell’s and Suarez-Scarani’s experiments are compatible
with such models.
The violation of Leggett inequalities was first inter-
preted as an experimental falsification of “nonlocal real-
ism”, where “realism” refers to the view that the single
particles carry well defined properties when they leave
the source [7]. Such an interpretation is misleading: By
testing models fulfilling Leggett inequalities one does not
test “nonlocal realism”, but rather models assuming both
nonlocal randomness and outcomes that depend on bi-
ased random local variables [8]. Nevertheless, it is the
Colbeck-Renner theorem [9] which clearly shows the re-
lationship between nonlocality and biased local random-
ness in entanglement experiments [8].
In this letter I argue that the quantum correlations are
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FIG. 1: Diagram of a chained Bell experiment using interfer-
ometers. The setup makes it possible to perform at the same
time a before-before experiment using acousto-optic waves as
moving beam-splitters. (See text for details).
not maximally nonlocal to make it possible biasing local
outcomes from outside spacetime, and propose to con-
sider timeless nonlocality and biased local randomness
as primitives to axiomatize quantum theory. This rules
out a world described by NL boxes. I also propose a new
type of entanglement experiments demonstrating these
ideas.
Consider the experiment sketched in Figure 1: The
source emits photon pairs. Photon A (frequency ωA) en-
ters Alice’s interferometer to the left through the beam-
splitter BSA0 and gets detected after leaving the beam-
splitter BSA1, and photon B (frequency ωB) enters Bob’s
interferometer to the right through the beam-splitter
BSB0 and gets detected after leaving the beam-splitter
BSB1. The detectors are denoted DA(a) and DB(b)
(a, b ∈ {+,−}). Each interferometer consists in a long
arm of length li, and a short one of length si, i ∈ {A,B}.
Frequency bandwidths and path alignments are chosen
so that only the coincidence detections corresponding to
the path pairs: (sA, sB) and (lA, lB) contribute construc-
tively to the correlated outcomes in regions A and B,
where (sA, sB) denotes the pair of the two short arms,
and (lA, lB) the pair of the two long arms.
Suppose one of the measurements produces the value a
(a ∈ {+,−}), and the other the value b (b ∈ {+,−}). Ac-
2cording to quantum mechanics the probability Pr(a, b) of
getting the joint outcome (a, b) depends on the choice of
the phase parameter Φ characterizing the paths or chan-
nels uniting the source and the detectors:
Pr(a = b) =
1
2
(1 + V cosΦ)
Pr(a 6= b) = 1
2
(1 − V cosΦ) (1)
where Φ is the phase parameter given by: Φ = ωA
lA−sA
c
+
ωB
lB−sB
c
.
Bell experiments, using two different values of lA and
two different values of lB, demonstrate that the correla-
tions violate locality criteria, the well known Bell’s in-
equalities (see [4] and references therein).
In the before-before experiment the beam-splitters
BSA1 and BSB1 are in motion in such a way that each
of them, in its own reference frame, is first to select the
output of the photons (before-before timing). Then, each
outcome should become independent of the other, and
(according to a time-ordered causal model) the nonlocal
correlations should disappear. The result was that the
correlations don’t disappear, and therefore are indepen-
dent of any time-order [4], that is, they come from outside
spacetime [5, 6].
Consider now chained Bell experiments using N dif-
ferent values of lA (l0, l2, ..., l2N−2) and N values of lB
(l1, l3, ..., l2N−1), with N ≥ 2. We define the function
I(N) as:
I(N) = Pr(a = b|Φ(l0, l2N−1))
+ Pr(a 6= b|Φ(l0, l1))
+ Pr(a 6= b|Φ(l1, l2))
+ .......
+ Pr(a 6= b|Φ(l2N−2, l2N−1)) (2)
where Pr(a=b|Φ(l0, l2N−1)) means the conditional prob-
ability that Alice and Bob get the same outcome if the
phase’s value results from long interferometers’ arms set
to l0, l2N−1, and Pr(a 6= b|Φ(li, li+1)) the conditional
probability that Alice and Bob get different outcomes if
the phase’s value results from long interferometers’ arms
set to li, li+1; depending on i, li denotes the arm of Alice’s
or Bob’s interferometer.
We assume that any two values li, li+1, with i ∈
{0, 2N − 2}, define the same phase parameter, resulting
from the equipartition of a value Θ:
Φ(li, li+1) = Θ/2N (3)
Then, equation (2) can be rewritten as follows:
I(N) = Pr
(
a = b|(2N − 1) Θ
2N
)
+ (2N − 1)Pr
(
a 6= b| Θ
2N
)
(4)
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FIG. 2: I(N) as function of Θ, for different values of N (see
Equation (6) in text).
For eachN , I(N) ≥ 1 defines a Bell inequality or local-
ity criterion. I(2) ≥ 1 represents the well known CHSH
inequality for experiments with 4 measurements. Ac-
cordingly, I(N) < 1 defines correlations that cannot be
explained by means of local relativistic influences, and
decreasing I(N) can be considered an indicator of in-
creasing nonlocality.
We denote D(N) the statistical distance between the
distribution of the local outcomes and the uniform ran-
dom distribution in the corresponding chained Bell ex-
periment with 2N measurements.
The Colbeck-Renner [9] theorem establishes that:
D(N) ≤ I(N)/2 (5)
Substituting (1) into (4) gives:
I(N) =
1
2
(
1− cos
(
(2N − 1) Θ
2N
))
+
2N − 1
2
(
1− cos Θ
2N
)
(6)
Figure 2 represents I(N) in function of the phase pa-
rameter Θ, for different N . As it appears, the plotted
quantum mechanical prediction is not consistent with the
“orthodox interpretation” that the local outcomes are
uniformly distributed for any entanglement experiment.
The fact that I(2) = 2 − √2 > 0 for Θ = pi clearly sug-
gests that Nature is keen to permit biased local random
outcomes for any value of the phase parameter Θ.
Now I prove theorems showing that essential features of
quantum mechanics emerge from nonlocality and biased
local randomness.
Basic conditions: For reasons of scaling and symmetry
we impose:
Pr(a = b|Φ = 0) = 1 (7)
Pr(a = b|Φ) = Pr(a 6= b|pi −
3Additionally, we take account of the fact that nature
likes “smoothness” for fashioning distributions and as-
sume:
I(N,Θ1) > I(N,Θ2) = 0, Θ1 < Θ < Θ2
⇒ I(N,Θ1) > I(N,Θ) > 0 (9)
1 > I(2, pi) > I(∞, pi)
⇒ I(2, pi) > I(N, pi) > I(N + 1, pi) > I(∞, pi),
∀N > 2 (10)
where I(N,Θ) denotes the value of the function I(N)
for the phase parameter Θ.
Theorem 1: I(2, pi)= 0⇒ 1>I(2,Θ)>0 for 0 <Θ<pi.
That is, maximal nonlocality for Θ = pi necessarily
implies non-maximal nonlocality for 0 < Θ < pi.
Proof: From Equations (4) and (7) one is led to:
I(N,Θ = 0) = Pr(a = b|Φ = 0)
+ 2NPr(a 6= b|Φ = 0)
− Pr(a 6= b|Φ = 0) = 1 (11)
Then, from the “smoothness” condition (9) the
Theorem 1 follows.
Theorem 2: 1 > I(2, pi) > 0 ⇒ ∀N > 2, I(2, pi) >
I(N, pi) > I(N + 1, pi) > I(∞, pi) = 0. That is, non-
maximal nonlocality for Θ = pi and N = 2 is a sufficient
condition for decreasing I(N, pi):
Proof: Taking account of (8), Equation (4) implies for
N =∞:
I(∞,Θ = pi) = Pr(a = b|Φ = pi)
+ 2N(1− Pr(a = b|Φ = 0)
− Pr(a 6= b|Φ = 0) = 0 (12)
Then, from the “smoothness” condition (10) the The-
orem 2 follows.
Theorems 1 and 2 mean that making it possible to bias
local random outcomes is a necessary and sufficient con-
dition to get nonlocal distributions fashioned like those
represented in Figure 2. In particular, nonlocal nature
cannot be maximally nonlocal for all phases.
This rules out a world described by NL (nonlocal)
boxes. Actually, one would need a whole spectrum of
NL boxes with biases ranging from I(∞, pi) = 0 to
I(2, 0) = 1.
However a question remains open: Why the particu-
lar Bell value I(2, pi) = 2 − √2, instead of for instance
I(2, pi) = 2 − √3? Is it simply motivated by the wish
of choosing “nice enough” functions like in (1), in order
to make the work more enjoyable to the physicists, or is
there a deeper reason behind?
0 0.5 1 1.5 2 2.5 3 3.5
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
Θ
I(N
)
I(2)=0.63
I(3)=0.48
I(4)=0.42
I(5)=0.387
I(6)=0.378  Minimum
I(7)=0.380
I(8)=0.389
i(9)=0.402
I(N)=1/2 (1 + 0.97 cos( (2N−1) Θ/2N )
       + (2N−1)/2 (1− 0.97 cos(Θ/2N) )
Values I(N) for Θ=pi
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the values I(N) exhibit a minimum at I(6)
In conclusion, the preceding analysis shows that the
quantum correlations are not maximally nonlocal to
make it possible to bias local outcomes from outside
spacetime. Thus, nonlocality without signaling and bi-
ased local randomness have strong primitive-appeal to
explaining why the laws of nature are quantum. This
means that entanglement experiments demonstrating
nonlocality alone are basically incomplete, and should
be expanded to experiments demonstrating nonlocality,
timelessness and increasingly uniform bias altogether.
Assuming a visibility factor V (0 ≤ V ≤ 1) depending
mainly on the efficiency of the detectors, Equation (6)
becomes:
I(N) =
1
2
(
1− V cos
(
(2N − 1) Θ
2N
))
+
2N − 1
2
(
1− V cos Θ
2N
)
(13)
Experiments with visibility V = 0.99 are possible us-
ing resting beam-splitters [10], and with V = 0.97 using
beam-splitters in motion (i.e. acousto-optic modulators)
[4]. This means, according to (5) and the values of I(N)
in (13) represented in Figure 3, that a before-before ex-
periment demonstrating a bias bound decreasing from
D = I(2)/2 = 0.315 to D = I(2)/2 = 0.189 is feasible.
I would like to finish by stressing that the possibility
of controlling outcomes from outside spacetime has a
very natural correlate in the way the brain functions.
When I am typewriting this article, I assume that the
author is the same who typewrote the article proposing
the before-before experiment in 1997. In this sense my
identity has roots beyond spacetime. I am controlling
the outcomes of my brain, i.e. biasing the random firings
of my neurons, from outside spacetime. The result
presented in this paper upholds the view that quantum
randomness does not exclude the possibility of order
and control and, therefore, remains susceptible of being
4influenced by free will [11].
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